
NASA-CR-201069

Influence of Substrate on the Excess
Electrical Noise in the Normal State of

YBa2Cu307-5 Thin Films.

M. Rajeswari and S. Lakeou,

Department of Engineering and Technology,

University of the District of Columbia,

Washington DC 20008

E. A. Wood, D. D. Choughule (a) and T. Venkatesan,

Department of Physics, Center for Superconductivity Research,

University of Maryland,

College Park, ME) 20742

K.S. Harshavardhan and Z.Shi

Neocera Inc.,

College Park, MD 20742

Abstract

We present our studies of the low frequency excess electrical noise in

YBa2Cu307_ 5 thin films in the normal state. We have studied films with varying

microsta'ucture deposited on different substrates. The frequency dependence and bias

current dependence of the noise power spectral density agree with the behavior

expected for noise due to conductance fluctuations. Comparison between films on

different substrates shows that the presence of defects such as grain boundaries in

the film correlate with significantly enhanced noise levels. The noise levels in our

good quality epitaxial films are several orders of magnitude lower than the

anomalously large noise magnitudes reported for YBa2Cu307_ 8 in most of the

earlier studies.



Over the past few years, several studies [ 1-4] have pointed out that the high

T c superconducting fliTS) materials exhibit anomalously large magnitudes of excess

electrical noise both in the normal state and in the transition region.The enhanced noise

levels have been observed in ceramic materials, single crystals and in thin films. However,

there has been no consensus on the intrinsic magnitude of the noise since the noise levels

have often been found to be highly sample dependent. Some of the more recent studies on

epitaxial thin films have reported evidence of the influence of the substrate lattice match [5]

and the oxygen content [6] on the magnitude of the excess noise in the normal state.

The above scenario suggests that systematic studies are needed to

characterize the excess noise levels in the HTS systems. Information on the correlation of

microstructure and the noise characteristics is important for optimizing the material

microstructure for technological applications. To this end, we have studied the behavior of

the excess electrical noise in the normal state of YBa2Cu307_ 8 (Y'BCO) thin films on

different substrates.

We have studied YBCO films on three different substrates : (i) (100) oriented

LaA10 3 (ii) R- plane Sapphire with a buffer layer of (100) CeO 2 (iii) polycrystalline Yttria

Stabilized Zirconia ( Poly YSZ). (100) LaA10 3 is well lattice-matched with YBCO

(mismatch - 1.8% ) and its thermal expansion coefficient ( -lxl0 -5 / K ) is close to

that of YBCO (1.2x10 -5/K). The lattice mismatch of YBCO with the CeO 2 buffer on

the R-plane Sapphire is --0.8 % ; however there is significant mismatch between the

thermal expansion coefficients of YBCO and Sapphire (5x10-5/K) which is expected to

result in tensile stresses in the film. In the case of YBCO films on polycrystalline YSZ,

there is no in-plane alignment due to the polycrystalline nature of the substrates. Thermal

expansion mismatch is not of much relevance in this case since the polycrystalline nature of

the film allows the strains to be relieved through structural defects such as grain boundaries.

The thin film samples were prepared by pulsed laser deposition (PLD)



understandardpreparationconditionsfor YBCO films [7]. Structural analysis of the films

was carded out using a four circle X-Ray diffractometer .0-20 scans indicate that the films

are single phase and c-axis oriented. Rocking angle analysis of the (005) peak ( to evaluate

the degree of texturing) indicate FWHM ~ 0.3 ° for the films on (100) LaAIO 3 . The films

on R-plane Sapphire and those on poly YSZ have FWHM - 0.5 ° and - 0.6 ° respectively

indicating larger c-axis misalignments compared to the films on (100) LaA10 3. • scan

analysis of the (103) peaks of YBCO presented in Fig.(1) show that for the films on (100)

LaA10 3 and R-plane sapphire the a,b axes of the film are aligned with the a,b axes of the

LaA10 3 and the CeO 2 respectively. In contrast, the ¢_ scans for the films on poly YSZ

show no peaks above the broad background indicating no in-plane alignment as expected.

The films ( 2000 A thick) on the different substrates were characterized for

their structural and electrical transport characteristics. Micro bridges 20 - 80 p.m wide and

500 -800_.m long were patterned by photolithography. All the films had Tc- 90 K. The

critical current density (Jc) at 77K was greater than 106 A / cm 2 for the films on (100)

LaAIO 3 and R-plane sapphire and -105A/cm 2 for the films on poly YSZ. The reduction

in the Jc in the latter case has been established to be due to the weak link effects associated

with the grain- boundaries [8].

To measure the low frequency noise, a DC bias current from a battery

operated current source was passed through the sample with a large (-1000 times the sample

resistance ) ballast resistance in series. The sample voltage was capacitively filtered and

transformer-coupled to a low noise amplifier and fed to a dynamic signal analyzer for

Fourier transform analysis. The input noise floor level of the measurement system was -8

nV / Hz. The measured noise level in the superconducting state of the samples (when

biased below the critical currents) is below this background which we infer as the upper

limit to possible contributions due to noise assoiciated with contact resistances . In order to

identify possible contributions due to current source, thermal drift etc. we mesaure the nois

in low noise metal film resistors under identical conditions as our samples. We find no
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noise abovethe backgroundin such samples which rules out contributions from these

exu'insic sources above the background level.

We observe frequency dependent excess noise in all the films down to

90 K. The spectral density of the excess noise voltage (Sv 1/2) is linear in the bias current.

The frequency dependence in the 1-100 Hz range shows a 1/f_ dependence of the noise

power spectral density, ot being in the range of 1-1.3 characteristic of the noise associated

with the conductance fluctuations similar to that observed in conventional metals. To

parametrize the observed noise,we have used Hooge's empirical relation for conductance

fluctuations given by

Sv(f ) / VDC 2 = y/ (nc,vol,f o_) .................................... (1)

where VDC is the DC voltage across the sample, nc is the volume density of charge

carriers in the sample, f is the frequency and y represents the strength of the noise sources.

In conventional metals the values oft are in the range ~ 10 -3 - 10 -4 [ 9]. We would like

to emphasize here that Hooge's formula is empirical and does not imply any universal

characteristics of the noise spectrum or its origin. We use it here only to present the data in a

normalized way to facilitate comparison of the noise magnitudes in the different samples.

In Fig. (2) we show S v / VDC2 as a function of temperature . The

frequency span of these measurements cover the range 1-100 Hz. The data presented is for

f=l 1 Hz with a bias current density ~ 3 x 104 A / cm 2. In the case of YBCO / LaA10 3

and YBCO/Poly YSZ S V / VDC2 decreases with decreasing temperature . This

temperature dependence is similar to that observed for YBCO on (100) MgO [ 5] .

However, the data for YBCO / Sapphire shows a qualitatively different temperature

dependence where SV / VDC 2 increases with decreasing temperature. From the above

data, 7(T) cannot be determined unambiguously since the charge carrier density nc(T) is

not a well determined quantity for YBCO. However, using "//nc we can compare the

relative strength of the noise sources and the temperature dependences. To facilitate such a

comparison, in Fig.3 we replot the data on a logarithmic scale showing T/no = Sv* f*
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Volume/ VDC 2 ) as a function of temperature for the three cases. It is clear that _//n c for

the polycrystalline YBCO films is nearly 5 orders of magnitude larger than that of the

epitaxial films on (100) LaA10 3 while the noise level of films on CeO 2 buffered Sapphire

are intermediate. From the above data we have evaluated 7 at room temperature, using

n c - 5.7x1021 / cm 3 [ 6] . In Table 1 we present the value of Tcalculated from our data

along with the relevant sample characteristics. The value oft (=.05) for YBCO/LaA10 3

is nearly an order of magnitude larger than the _ ( = 5x10 -3) reported for

YBCO / SrTiO 3 [ 5]. The higher noise level in YBCO / LaA10 3 may be related to the

presence of substrate twin boundaries which propagate into the film. It is important to note

that the 1, values obtained for our Y'BCO/LaA10 3 films ( and those for the YBCO / SrTiO 3

films in ref.5 ) are much lower than the T values (104 - 105) reported earlier for bulk

ceramics, single crystals as well as thin films of YBCO [1,2]. We obtain y - 1.0 for YBCO

films on Sapphire while 7- 2x104 for the films on polycrystalline YSZ. The enhancement

of 7 by 5 orders of magnitude in the polycrystalline films compared to the nearly single

crystalline films on (100) LaA10 3 clearly attests to the contribution of grain boundaries to

the conductance fluctuations . Intergrain transport involving tunneling or hopping

conduction has been suggested to be a source of conductance fluctuations associated with

the trapping or detrapping of carriers by semiconducting or insulating regions at grain

boundaries [ 10]

The temperature dependence of Sv / V 2 may be understood in terms of the

thermal activation of the defect fluctuations. In the framework of the Dutta-Horn model

[9], the temperature dependence relates to the energy distribution D(E) of the fluctuating

states. The temperature depedence seen in YBCO / SrTiO3 has been shown to be indicative

of a peak in D(E) centered around 1 eV while in the case of YBCO / MgO this peak is seen

to be considerably broadened [5]. The temperature dependence seen in our experiments for

YBCO / LaA103 and YBCO / Poly YSZ suggests a relatively broad spectrum of activation

energies as seen in the case of YBCO/MgO. At present we are not clear about the origin of
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the apparentpeak at - 250K in the polycrystalline sample which ( if intrinsic )may be

associated with low energy modes of fluctuations. The temperature dependence observed in

YBCO/Sapphire shows a striking difference, the noise levels increasing with decreasing

temperature. In the light of the above analysis, this would suggest a broad peak in the

energy distribution centered at a much lower temperature close to 100 K, implying reduced

activation energy of such fluctuations. It may be noted here that though the films on

Sapphire have good lattice match with the CeO 2 buffer layer, the significant mismatch in the

thermal expansion coefficients between the substrate and the film is expected to result in

tensile stresses in the film. The presence of such stresses could lower the activation

energies causing the peak to shift to lower temperatures. It is of interest to investigate the

influence of this anomaly on the noise in the transition range since Sapphire is a preferred

substrate for bolometers and relateddetector applications on account of its thermal

properties. We are currently pursuing this study. ,

It is clear from the above results that the microstructure plays an important

role in determining the excess noise levels in the normal state. Grain-boundaries when

present could be a dominant source of excess noise as indicated by the enhanced noise

levels in the films on polycrystalline YSZ. Overall, the noise levels in our epitaxial films

with good superconducting properties are several orders of magnitude lower than the values

reported in some of the earlier studies in single crystals and thin films of YBCO. Based on

these results, we suggest that the anomalously large and often sample dependent low

frequency noise often observed in the normal state of HTS materials may have a

significant contribution from microstructural defects such as grain boundaries. In the case

of thin films, the stresses in the film associated with lattice mismatch or thermal expansion

may also lead to enhanced noise levels.
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Figure Captions

Fig.1

scans of the (103) peak of YBCO •

(c) YBCO / (100) LaA10 3

(a) Y'BCO/Poly YSZ (b) YBCO / CeO 2 / Sapphire

Fig.2

Normalized noise power spectral density SV / VDC 2 as a function of temperature in the normal

state (a) YBCO/Poly YSZ (b) YBCO / CeO 2 / Sapphire (c) YBCO / (100) LaA10 3

Fig.3

Comparison of the normalized noise power spectral density SV * f * volume / VDC 2 for Y_BCO

films ; (a) YBCO/Poly YSZ (b) YBCO / CeO 2 / Sapphire (c) YBCO / (100) LaA10 3
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